Abstract: Much is already known about single mirror symmetry, but multiple mirror symmetry is still understood poorly. In particular, perceptually, multiple symmetry does not seem to behave as suggested by the number of symmetry axes alone. Here, theoretical ideas on single symmetry perception and their extensions to multiple symmetry are discussed alongside empirical findings on multiple symmetry perception. The evidence suggests that, apart from the number of axes, also their relative orientation is perceptually relevant. This, in turn, suggests that perception is responsible for the preponderance of 3-fold and 5-fold symmetries in flowers as well as for their absence in decorative art.
Introduction
Mirror symmetry (henceforth, symmetry) is abundant in the world and seems relevant in many domains [1] [2] [3] [4] . In most domains, symmetry research focuses on the role of symmetry. In biology, for instance, humans and various other species have been found to prefer more symmetrical shapes over less symmetrical ones in mating and pollinating behavior [5] [6] [7] [8] [9] [10] [11] . Symmetry is also a much investigated topic in perception research, where two categories of research can be distinguished. First, analogous to other domains, research that focuses on the role of symmetry in perception. For instance, in human perception research, symmetry has been found to play a relevant role in issues such as object recognition [12, 13] , figure-ground segregation [14] [15] [16] , and amodal completion [17, 18] . Second, research that focuses on how, and how well, symmetry in itself is perceived (for reviews, see [19] [20] [21] [22] ). This article starts from the latter category of symmetry research. This research showed that symmetry is one of the visual regularities, that is, one of the regularities the visual systems of humans and many other species are sensitive to [23] [24] [25] . For instance, even if a pattern is far from perfectly symmetrical, humans are well able to detect the presence of symmetry [23, 26] . Not surprising therefore, symmetry detection is believed to be an integral part of the perceptual process that is applied to every input.
In this article, I focus on multiple symmetry perception and its potential influence on nature and art. Multiple symmetrical patterns are patterns with two or more global symmetry axes. Patterns with one or more symmetry axes are also called cases of n-fold symmetry (n ≥ 1), and patterns with many symmetry axes are also called cases of radial symmetry. Because a multiple symmetry is a composition of single symmetries, perception thereof obviously leans upon the above-mentioned sensitivity to single symmetry. However, the question is whether, perceptually, multiple symmetry behaves as the sum of the constituent single symmetries-does it behave as might be expected on the basis of the number of symmetry axes alone? I argue it does not, and I also argue that this perceptual factor has influenced the distribution of multiple symmetries in the world. Thereby, it also sheds new light on the evolutionary question of whether the sensitivity of visual systems to symmetry is cause or consequence of the abundance and role of symmetry in the world. I begin by specifying the latter question in more detail.
Evolutionary Considerations
The high perceptual sensitivity to symmetry has been proposed to have evolved because symmetry is a useful cue in object recognition [20] . An argument, sketched in Figure 1 , could be that it is useful because many relevant objects exhibit symmetry, which in turn may have been caused by the symmetry preference in mating and pollinating behavior (and probably also in other behavior). This symmetry preference, in turn, may have evolved because the degree of shape symmetry is a marker of an organism's quality [27] . That is, natural growth processes tend to produce shapes that are basically symmetrical but also exhibit fluctuating amounts of asymmetry, and a higher amount of asymmetry may indicate a lesser genetic quality or a lesser ability to cope with environmental stress.
This argument, however, ignores that the symmetry preference already requires a high perceptual sensitivity to symmetry. Therefore, Figure 2 provides an alternative argument, which does not deny the evolutionary relevance of the just-mentioned factors, but which proposes clearer causal relationships. This argument starts from growth as a fundamental natural force towards order, which forms a balance against the also-natural force towards chaos [28] . By this, I do not mean that growth should be considered to be distinct from other physical or biochemical processes (a quite common idea in the 19th century). Instead, I simply mean that natural growth processes are responsible for virtually all symmetrical shapes in nature, be they crystals or living organisms. As I argue later in this article, growth may also reflect the way in which visual systems build structured mental representations. This suggests not only that fluctuating asymmetry may indeed be a marker of quality, but independently thereof, also that the natural principle of growth gave rise to visual systems that are pre-eminently suited to process symmetry.
The latter then may have triggered the symmetry preference in mating and pollinating behavior [6, 29] , which provided such visual systems with evolutionary survival value because fluctuating asymmetry indicates quality. The symmetry preference, by the way, is obviously not the only factor in mating and pollinating behavior, but the idea is that it co-evolved together with other factors. Also in other behavioral domains, this symmetry preference may have exerted selection pressure on symmetrical features, thus boosting the occurrence of symmetrical shapes [1] -providing such visual systems with further survival value because, thereby, symmetry reinforced itself as a useful cue in object recognition. Figure 1 . Evolutionary factors relevant to a high perceptual sensitivity to symmetry. The dashed arrows do not indicate direct causation-they merely indicate that their starting terms provide survival value to their end terms which must have been caused by something else. Figure 2 . Natural selection mechanism, according to which a high perceptual sensitivity to symmetry is not the consequence but the cause of the symmetry preference in mate assessment. The separate functionalities of symmetry regarding genetic quality and object recognition then are factors favourable towards the survival of such a visual system. 
GROWTH
Notice that the argument in Figure 2 specifies rather than challenges the argument in Figure 1 . It also suggests, however, that the sensitivity of visual systems to symmetry is not so much a passive consequence of the abundance of symmetry in the world but, rather, a factor that actively influences the occurrence of symmetry in the world. In this article, I explore if this might explain a remarkable peculiarity in the distribution of multiple symmetries in nature and art.
Multiple Symmetry in Nature and Art
Multiple symmetry occurs in the animal kingdom (think of starfish) and in crystals, and also prominently in flowers and human designs. Remarkably, in both flowers and human designs, 3-fold and 5-fold symmetries seem to have a special status. Next, I discuss this first for flowers and then for human designs.
Flowers
In plants, the family of monocotyledons (with one seed-leaf) usually produces 2-fold and 3-fold symmetrical flowers, and the family of dicotyledons (with two seed-leafs) usually produces 4-fold and 5-fold symmetrical flowers ( Figure 3 ). The distribution within each family, however, is skewed. Based on a count in Heywood's Flowering Plants of the World [30] , I estimate that 80% of the monocotyledons produce 3-fold symmetrical flowers, and that 70% of the dicotyledons produce 5-fold symmetrical flowers. It has been proposed that the preponderance of 3-fold and 5-fold symmetrical flowers is related to the fact that 3 and 5 are among the Fibonacci numbers (which are defined by f 0 = 0, f 1 = 1, and f n = f n−1 + f n−2 for n > 1). Such numbers of petals might indeed allow for efficient petal packing in spiral flowers, but their status in whorled flowers is less clear [31] . As indicated next, timelines allow for an alternative, perceptual, explanation. Insect vision evolved about 400 million years ago whereas flowering plants evolved only about 125 million years ago [30] . Hence, the preponderance of 3-fold and 5-fold symmetrical flowers might well find its origin in the insect's perceptual sensitivity to symmetry [32, 33] . For instance, Horridge found that the honeybee (Apis mellifera) is sensitive to angles of 60
• [34] . These are also the angles between the symmetry axes in 3-fold symmetry, which suggests that the preponderance of 3-fold symmetrical flowers in monocotyledons might be a consequence of this perceptual sensitivity. That is, due to this perceptual sensitivity, pollinators might be attracted more to 3-fold symmetrical flowers than to 2-fold symmetrical flowers, so that the former would have a procreation advantage over the latter.
Human Designs
Throughout recorded and unrecorded human history, symmetry seems to have fascinated people [1, 2, 4, 35] . Already 400,000 years ago, it was a factor in the design of stone tools [36] . Also in human designs, 3-fold and 5-fold symmetries seem to have a special status: they do occur in mystical art but not in decorative art. For instance, Hardonk created a database of 800 decorative bands (40 bands for each of 20 extinct and present-day cultures from all over the world) [37] . A decorative band consists of a repetition of a motif, and about 600 of these 800 bands contain motifs with 1-8 symmetry axes. As a rule, motifs with more symmetry axes occur less often, but motifs with 3 or 5 symmetry axes escape this rule and are virtually absent ( Figure 4 ). The latter motifs might be harder to produce, but this can hardly be the reason considering that they do occur in mystical art. 
Number of symmetry axes in motifs
In mystical art, 3-fold and 5-fold symmetrical motifs-such as the triqueta and the pentagram ( Figure 5 )-have often been used to symbolize supernatural powers [38] , and nowadays, such motifs are widely used in the emblems of police forces, armies, national flags, car brands, sports clubs, and so on. The pentagram is probably the all-time favorite, with a history of over 5000 years [39] . In ancient Greece, its alleged supernatural status led to the definition of the golden ratio as the ratio 1.618 in which each intersection of edges in a pentagram sections these edges (this ratio was believed to have aesthetical value, but see [40] ). Furthermore, in ancient Mesopotamia, the pentagram symbolized imperial power; among Druids and Celts, it symbolized divine power; in medieval England, it was associated with knightly virtues; and in India, it features in Tantric art. Just as flowers, human designs do not seem to have intrinsic properties that could evoke the special status of 3-fold and 5-fold symmetries, which, also this time, might well have been caused by properties intrinsic to visual systems. To explore this, I turn to research on human symmetry perception.
Models of Human Symmetry Perception
The human perceptual process organizes visual input. To this end, it constructs mental representations of inputs, exploiting input features it is sensitive to. Symmetry and repetition are such features, and commonly accepted is that representations capture the structural relationships between two symmetry halves or repeats. In the next subsections, however, I discuss three models of human symmetry perception, which propose different specifications of these structural relationships, thereby implying different stances regarding multiple symmetry perception.
The Transformational Approach
The traditionally considered approach to visual regularity is the transformational approach which, in perception research, has been promoted most prominently by Garner [41] and Palmer [42] . It holds that visual regularities are configurations characterized by invariance under motion, that is, configurations which, if present in an object, yield image invariance under rigid rotations and translations of the object (Figure 6a ). According to this approach, repetition qualifies as visual regularity because, at least when looked at through a restricting aperture, it remains invariant under translations (i.e., shifts along the longitudinal axis) the size of one or more repeats. Furthermore, single symmetry qualifies as visual regularity because it remains invariant under a 180
• 3-D rotation about its symmetry axis. Notice that these invariance transformations establish identity relationships between repeats and between symmetry halves, independently of the number of elements in each of them (Figure 6a ). Both repetition and symmetry are therefore said to have a transformational block structure. By the same token, n-fold symmetry with n > 1 qualifies as visual regularity because it remains invariant under n such 3-D rotations plus n 2-D rotations of 360/n degrees in the picture plane. Notice that this characterizes an n-fold symmetry as one regularity rather than as a composition of n single symmetries. Notice further that the number of invariance transformations increases monotonically with the number of symmetry axes, and that the figural goodness of multiple symmetry (i.e., its salience, or its detectability) is known to increase also with the number of symmetry axes-at least, if one compares 1-fold, 2-fold, and 4-fold symmetries [43] [44] [45] . Hence, a common-sense transformational quantification of the goodness of n-fold symmetries could be given by the formula 1 − 1/(2n), which also incorporates a plausible ceiling effect ( Figure 7) . In any case, the foregoing shows the transformational approach does not assign a special perceptual status to 3-fold and 5-fold symmetries, so that it cannot explain a special status in nature and art by their alleged perceptual status. Figure 6 . Proposed perceptual structures of symmetry and repetition (see text for details); (a) The transformational approach specifies visual regularities by invariance under rotations and translations, implying a block structure for both symmetry and repetition; (b) The bootstrap model starts from shared properties of virtual lines between corresponding elements, implying a point structure for both symmetry and repetition; (c) The holographic approach specifies these regularities by invariance under growth (i.e., under expansion by symmetry pairs or repeats), implying a point structure for symmetry and a block structure for repetition. However, does it properly specify their perceptual status? It is true that the transformational approach has proved to be suited for a formal classification of already-perceived objects such as crystals and regular tilings [3, 46] . Besides, a transformationally invariant object yields the same retinal image from different viewpoints, which is functional in that recognition can occur fairly independently of viewpoint [29] -think, for instance, of a honeybee approaching a flower with one of the shapes in Figure 3 . Yet, it does not seem suited to account for how such objects are perceived preceding recognition. For instance, it neither accounts for the detectability of perturbed symmetry nor for the fact that symmetry is better detectable than repetition [21] . Hence, the transformational approach does not seem eligible to assess if the special status of 3-fold and 5-fold symmetries in nature and art is due to their perceptual status.
The Bootstrap Model
The bootstrap model by Wagemans and co-workers builds on Jenkins' proposal to specify visual regularities by shared properties of virtual lines between corresponding pattern points [45, 47] . For instance, virtual lines between corresponding points in a repetition are parallel and of the same length, and virtual lines between corresponding points in a symmetry are parallel and midpoint colinear (Figure 6b ). Wagemans noted that a pair of such virtual lines forms a parallelogram in repetition and a symmetrical trapezoid in symmetry (Figure 8a) , and he provided empirical evidence that also these correlation quadrangles are perceptually relevant [48] . Subsequently, he proposed that these correlation quadrangles are the structural anchors from which regularity detection propagates [45, 48] . In symmetry, for instance, the symmetry axis of a trapezoid indicates the direction in which the detection process may propagate by searching for additional virtual lines between corresponding points. I think that, regarding regularity detection, this idea is a plausible starting point which deserves further elaboration [49] . It also gives rise to an interesting stance regarding multiple symmetry. In 2-fold and 4-fold symmetry, for instance, some of the correlation trapezoids are rectangles, that is, they exhibit extra structure (Figure 8b ). Whereas proper trapezoids (with one symmetry axis) indicate one propagation direction, rectangles (with two symmetry axes) indicate two propagation directions, and Wagemans proposed that this boosts detection [45] . This would explain why 2-fold symmetry is so much better detectable than 1-fold symmetry, and notably, it also predicts that 3-fold symmetry is an odd one out. Wagemans did not mention the latter, but notice that 3-fold symmetry does not contain correlation rectangles (Figure 8c ), so that it cannot benefit from their boosting effect.
Hence, the bootstrap model suggests that 3-fold (and, likewise, 5-fold) symmetries have a special perceptual status, which might explain their special status in nature and art. To this end, however, it must be established if correlation rectangles indeed have the alleged boosting effect. Treder, van der Vloed, and van der Helm [50] investigate this by means of equally noisy 2-fold symmetries with and without correlation rectangles ( Figure 9 ). Participants' performance on discrimination from random patterns showed no difference between these conditions, however. This casts severe doubts on the alleged boosting effect of correlation rectangles over correlation trapezoids. This does not affect the plausibility of correlation trapezoids as detection anchors (see also [49, 51, 52] ). It does suggest, however, that the lack of correlation rectangles in 3-fold and 5-fold symmetries is not perceptually relevant, so that it also cannot be a perceptual factor that might explain their special status in nature and art. 
The Holographic Approach
The holographic approach [21, 53] holds that visual regularities are configural properties characterized by invariance under growth (Figure 6c ). For instance, a repetition remains a repetition after expansion by one or more repeats, and a symmetry remains a symmetry after expansion by one or more pairs of symmetrically positioned identical elements (just as bodies preserve their symmetrical shape while growing). Formally, such a regularity is called a holographic regularity, referring to the fact that it is a structure with substructures that all reflect the same kind of regularity [53] . This implies that, in a similar fashion as the bootstrap model does, the representation of its structure can be build easily from its substructures [49] . Furthermore, the holographic approach models the detectability of a regularity in a stimulus by the weight of evidence for this regularity in the stimulus [21] . This is explicated next.
In the holographic approach, amounts of regularity are quantified by the number of nonredundant identity relationships between stimulus parts (E) that give rise to a regularity. Applied to repetition, this implies that E equals the number of repeats minus one, independently of the number of elements in each repeat-repetition is therefore said to have a holographic block structure. Furthermore, applied to symmetry, it implies that E equals the number of symmetrically positioned pairs of identical elements-symmetry is therefore said to have a holographic point structure. The detectability of a regularity in a stimulus then is quantified by the weight of evidence (W ) for this regularity, where W = E/N with N the total number of elements in the stimulus.
This approach appeared to provide a fairly comprehensive account of the detectability of single and combined regularities, whether or not perturbed by noise. For instance, qualitatively, the formal notion of holographic regularity seems to supply a perceptually relevant border between visual and nonvisual regularities [54] , and also the holographic difference in structure between symmetry (point structure) and repetition (block structure) seems perceptually relevant [55] . Furthermore, the quantitative model W = E/N accounts for various perceptual differences between symmetry and repetition, including the fact that symmetry is better detectable than repetition, and it accounts for the detectability of symmetry in the presence of noise (for more details, see [21, 26, 49, 51, 56, 57] ).
Furthermore, the holographic approach builds on the idea that regularities allow for efficient stimulus representations [58] [59] [60] [61] [62] [63] . For instance, to represent a symmetrical object, the visual system may exploit the object's symmetry to reduce the information needed to represent it, that is, it may represent the object by only the information in one symmetry half. Further regularity in this symmetry half then can be exploited to further reduce this information. This implies the following for multiple symmetry.
To represent a 2-fold symmetrical object, first, one global symmetry can be exploited to reduce information, and then, the local symmetry in the remaining symmetry half can be exploited to further reduce information (Figure 10a ). In terms of the model W = E/N , a 1-fold symmetry on N elements contains N/2 symmetry pairs, so that it has a weight of evidence of W = 0.50, and by the foregoing, a 2-fold symmetry has a weight of evidence of W = 0.75 because the second symmetry adds N/4 nonredundant identity relationships.
To represent a 3-fold symmetrical object, first, again one global symmetry can be exploited to reduce information, but then, only one of the two local symmetries in the remaining symmetry half can be exploited to further reduce information (Figure 10b ). This implies that a 3-fold symmetry has a weight of evidence of only W = 0.67 because the second symmetry adds only N/6 nonredundant identity relationships (by the way, unlike in case of 2-fold symmetry, representing a 3-fold symmetry by a repetition of three local symmetries-see Figure 10c -yields more information reduction, but also notice that this repetition has a lower weight of evidence; I return to this later on in this article). Figure 10 . Representational information reduction by exploiting symmetry; (a) In 2-fold symmetry, one global symmetry can be exploited to represent the pattern by the information in one symmetry half, after which the remaining local symmetry can be exploited to further reduce information; (b) In 3-fold symmetry, after exploiting a global symmetry, only one of the remaining local symmetries can be exploited to further reduce information; (c) A 3-fold symmetry can be represented more efficiently by a repetition of three local symmetries.
(b) (c) (a)
Extending the foregoing to n-fold symmetry with n = 1 − 8 yields the weights of evidence depicted in Figure 7 . This figure shows that the holographic and transformational approaches predict the same if n is a power of 2, but not for other values of n. In other words, the holographic approach assigns a special perceptual status to, among others, 3-fold and 5-fold symmetries-which might explain their special status in nature and art. As argued, the holographic approach is perceptually valid insofar as single regularities are concerned, but what about its predictions regarding multiple symmetry perception?
Multiple Symmetry Perception
Compared to single symmetry, multiple symmetry has been less investigated, but the available empirical evidence is fairly consistent. As mentioned, as a rule, the detectability of multiple symmetry was found to increase with the number of symmetry axes-at least, if one compares 1-fold, 2-fold, and 4-fold symmetries [43] [44] [45] . Furthermore, to test the holographic approach, Nucci and Wagemans considered eight different combinations of global and local symmetries (Figure 11 ), and they asked participants to discriminate these from random patterns [64] . The holographic weights of evidence for these combinations ranged from W = 0.25 for a local symmetry flanked by noise, to W = 0.88 for a 2-fold symmetry with additional local symmetries, and they reported a correlation of R 2 = 0.80 between participants' performance and W values. To the second combination in Figure 11 , they assigned W = 0.50, but considering the task, this must be W = 0.25 yielding a corrected correlation of R 2 = 0.92
(without this second combination, the correlation would be R 2 = 0.88). Figure 11 . Schematic overview of Nucci and Wagemans' [64] experimental conditions combining global and local symmetries (the actual stimuli were dot stimuli), and the associated holographic weights of evidence (W ) for the regularities. In the second condition, each of the two flanking local symmetries has W = 0.25, which does not sum to W = 0.50: they constitute noise to one another, so that considering the task, this condition hardly differs from the first condition with one local symmetry flanked by noise. Notice that these studies did not consider 3-fold symmetry. To my knowledge, Hamada and Ishihara were the first to test 3-fold symmetry [65] . Their data suggest that, perceptually, 3-fold symmetry behaves like a repetition of three local symmetries. This agrees with the earlier-mentioned idea that this representation yields maximum information reduction (Figure 10c) . It also suggests that 3-fold symmetry does not behave as might be expected on the basis of the number of global symmetry axes alone.
To investigate this further, Wenderoth and Welsh compared the transformational and holographic predictions for n-fold symmetries with n = 1 − 4 [66] . They asked participants to discriminate such stimuli from random patterns, and not surprising, they found that performance for 2-fold and 3-fold symmetries was better than that for 1-fold symmetries and worse than that for 4-fold symmetries. They also found, however, that performance for 3-fold symmetry did not differ significantly from that for 2-fold symmetry and in fact tended to be worse. This finding goes against the transformational approach and tends to support the holographic approach: It confirms that the difference between 2-fold and 3-fold symmetries is indeed not as might be expected on the basis of the number of symmetry axes alone.
In this respect, two remarks are in order. First, van der Vloed also considered n-fold symmetries with n = 1 − 4, and he found that detectability increases linearly with n [67] . Considering that there must be a ceiling effect, such a linear increase is implausible, and on methodological grounds, he also argued that findings on multiple symmetry might be task dependent. Second, Wenderoth and Welsh's [66] finding would be in line also with the bootstrap model-at least, if correlation rectangles would have had the proposed boosting effect over correlation trapezoids [45] . However, as mentioned, Treder et al. found no differential effect of correlation rectangles at all [50] .
Treder et al. went on to investigate what other factor might affect multiple symmetry perception, and they focused on the relative orientation of symmetry axes [50] . In the holographic approach, this factor is relevant in that it determines which additional regularity in a global symmetry can be exploited to reduce the information needed to represent it (see Figure 10) . Furthermore, symmetry axes seem to form subjective contours which are processed in a similar orientation-dependent way as luminance contours are, so that, for instance, symmetry axes in dot patterns elicit tilt aftereffects comparable to those of luminance contours [68] [69] [70] [71] [72] [73] [74] . This too suggests that relative orientation is a relevant factor.
In perfect multiple symmetry, the number of symmetry axes dictates the relative orientation of the axes. For instance, perfect 2-fold and 4-fold symmetries have orthogonal axes, whereas perfect 3-fold and 5-fold symmetries only have nonorthogonal axes. To decouple these two factors, Treder et al. constructed 2-fold symmetries by superimposing two perfect 1-fold symmetries [50] . This enables the construction of equally noisy 2-fold symmetries without correlation rectangles, and here more important, with varying relative orientations of the two axes ( Figure 12 ). In particular, Treder et al. considered orthogonal axes with 90
• relative orientation, and nonorthogonal axes with 45/135
• relative orientation (i.e., one angle is 45
• and the other angle is 135 • ). To control for known effects of absolute orientation, they positioned the stimuli such that the axes were at the roughly equisalient absolute orientations of +22.5
• and −22.5
• with respect to the vertical and the horizontal.
In one experiment, they superimposed two symmetrical dot patterns, and in another experiment, two symmetrical Gausian noise patterns restricted each to a different spatial frequency band. They asked participants to discriminate such stimuli from random stimuli, and for both stimulus types, they found that performance for such a 2-fold symmetry was better than that for either 1-fold symmetry alone. More importantly, for the 2-fold symmetries, they found that performance was better for orthogonal axes than for nonorthogonal axes. This suggests that the single symmetries in a multiple symmetry engage in an interaction which depends on their relative orientation. This is consistent with the holographic approach and suggests that 3-fold and 5-fold symmetries indeed have a special perceptual status-not because they lack correlation rectangles, but because of the nonorthogonal relative orientations of their axes. 
Discussion and Conclusions
In this article, I argued that the traditionally considered transformational approach to visual regularity may be suited for object recognition but not for object perception, so that it does not seem eligible to assess if the special status of 3-fold and 5-fold symmetries in nature and art is due to their perceptual status. I argued further that the bootstrap model implies a special perceptual status for 3-fold and 5-fold symmetries, which, however, relies on a non-established role of correlation rectangles. The holographic approach also implies a special perceptual status for 3-fold and 5-fold symmetries, which, this time, relies on an established role of the relative orientation of symmetry axes.
More specifically, Treder et al.'s [50] finding suggests that, perceptually, a multiple symmetry is not processed as one regularity, but as consisting of separate single symmetries which, after having been detected, engage in an orientation-dependent interaction. This is a fine example of the more general Gestalt motto that "the whole is something else than the sum of its parts" [75] . The foregoing brings me to make the following case for the influence of perception on the world. Natural growth processes are the primary cause of the occurrence of symmetrical shapes in nature [28] . Symmetrically shaped organisms, however, tend to arrange their environment such that it is also symmetrical [1] , and this proliferation of symmetry requires perception. A tendency to produce simple symmetrical environments may arise because simple environments are more easily produced, but probably also because they can be represented perceptually by means of less information, which facilitates subsequent usage. The tendency to produce simple symmetrical environments can be observed in bird nests, for instance, and also in man-made environments like cities-whose arrangement is generally much simpler than that of natural environments like jungles. In fact, the complexity of jungles might be the reason that their inhabitants rely on smell and sound rather than on vision [76] .
The latter indicates that perception is not the only factor that shapes the world, but the foregoing suggests it is yet a substantial factor. It not only seems to assert the role of symmetry in the world but it also seems to boost the occurrence of symmetry. The causal reason for this might well be that, as argued in the holographic approach, growth also reflects the way in which the human visual system builds structured mental representations-this makes it pre-eminently suited to process single symmetries. As argued, it also implies a perceptual differentiation between multiple symmetries, which shows undeniable parallels with their distribution in flowers and human designs. That is, as predicted by the holographic approach, 3-fold and 5-fold symmetries have a special perceptual status, which runs parallel to their preponderance in flowers as well as to their occurrence in mystical art but not in decorative art.
Of course, due to differences in visual systems, insect vision and human vision cannot simply be lumped together. Furthermore, one can of course only speculate that the special status of 3-fold and 5-fold symmetries in nature and art is indeed due to their special perceptual status. However, to conclude, the influence of the latter on the former might also be understood as follows.
As argued, 2-fold and 4-fold symmetrical stimuli yield unambiguous stable percepts which capture all regularity in such stimuli. In contrast, 3-fold and 5-fold symmetrical stimuli yield unstable ambiguous percepts. That is, as illustrated in Figure 10b ,c, they can be organized as a salient global symmetry with additional regularity that cannot be captured completely, or as a more efficient but less salient repetition of local symmetries. In other words, they can be said to contain hidden order, that is, more order than can be captured in one stable percept. It is known that such hidden order creates a perceptual tension between roughly equally strong and therefore competing percepts, which may trigger one's curiosity, interest, and aesthetical feelings, for instance [77, 78] . Though still cautious because of differences in visual systems, I suspect that 3-fold and 5-fold symmetrical flowers have a procreation advantage over others, precisely because this perceptually hidden order attracts more pollinators. Furthermore, I suspect that, again because of this perceptually hidden order, throughout history humans have felt that 3-fold and 5-fold symmetrical motifs are more appropriate for mystical art than for decorative art.
